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Flipped No-Scale Inflation 
a Bridge between String Theory and Particle 
Physics? 
CMB: Opportunity & Challenge 
• Unique probe of (very) high-energy scale 
• Close to string scale? 
• Detailed measurements 
  Many probes of models of inflation 
• Connection with collider physics via pattern of 
inflaton decay? 
• Use string-motivated framework to construct 
models of inflation 
• No-scale supergravity ✕ flipped unification 
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Starobinsky Model 
• Non-minimal general relativity (singularity-free 
cosmology): 
• No scalar!? 
• Conformally equivalent to scalar field model: 
 
• Inflationary interpretation, calculation of 
perturbations: 
 
 
Starobinsky, 1980 
Mukhanov & Chibisov, 1981 
Stelle; Whitt, 1984 
Inflation Cries out for Supersymmetry  
• Want “elementary” scalar field 
 (at least looks elementary at energies << MP) 
• To get right magnitude of perturbations 
      prefer mass << MP 
 (~ 1013 GeV in simple φ2 models) 
• And/or prefer small self-coupling λ << 1 
• Both technically natural with supersymmetry 
 JE, Nanopoulos, Olive  & Tamvakis 1983 
No-Scale Supergravity Inflation 
• Supersymmetry + gravity = Supergravity 
• Include conventional matter? 
• Potentials in generic supergravity models have 
‘holes’ with depths ~ – MP
4 
• Exception: no-scale supergravity 
• Appears in compactifications of string 
• Flat directions, scalar potential ~ global model + 
controlled corrections 
JE, Nanopoulos & Olive, arXiv:1305.1247, 1307.3537, … 
Cremmer, Ferrara, Kounnas & Nanopoulos, 1983 
Witten, 1985 
JE, Enqvist, Nanopoulos, Olive & Srednicki, 1984 

 
Old No-Scale Supergravity Model of 
Inflation 
• No ‘holes’ in 
effective potential 
with negative 
cosmological 
constant 
JE, Enqvist, Nanopoulos, Olive & Srednicki, 1984 
 
 
 
How many e-Folds of Inflation? 
• General expression: 
 
• In no-scale supergravity models: 
 
 
 
 
 
• Prospective constraint on inflaton models? 
Amplitude of 
perturbations 
Equation of state 
during inflaton decay 
Inflaton 
decay rate 
JE, García, Nanopoulos & Olive, arXiv:1505.06986 
Richard Easther, Richard Galvez and Scott Watson, Phys.Rev. D89 (2014) no.2, 023522  
Planck Constraints on # of e-Folds 
• Starobinsky-like no-scale models 
JE, García, Nanopoulos & Olive, arXiv:1505.06986 
Starobinsky 
 

A Model of Everything 
• Simple GUT models (SU(5), SO(10)) not obtained 
from weakly-coupled string 
– They need adjoint Higgs, … 
• Flipped SU(5)×U(1) derived, has advantages 
– Small (5-, 10-dimensional) Higgs representations 
– Long-lived proton, neutrino masses, leptogenesis, … 
• Construct model of Starobinsky-like inflation 
within flipped SU(5)×U(1) framework 
Flipped 
 
Almost 
 
Below the Planck Scale 
 
JE, Garcia, Nagata, Nanopoulos & Olive, arXiv:1704.07331 
Flipped SU(5)×U(1) GUT Model 
• Fields: 
– Matter:              Higgs: 
 
– Singlets: 
• Superpotential: 
• No-scale Kähler potential: 
 
• D-terms: 
• Symmetry breaking: 
• Proton lifetime: 
JE, Garcia, Nagata, Nanopoulos & Olive, arXiv:1704.07331 
Starobinsky-Like Inflation 
• Need superpotential: 
 
• Identify inflaton S with some combination of  Φa, 
consider 2 scenarios: 
• 1) Hierarchy of scalars* with one light eigenstate Φ0
D: 
•            : 
• “Starobinsky” condition: 
 
 
 
     * Consider later scenario 2) no scalar mass hierarchy  
 
JE, Garcia, Nagata, Nanopoulos & Olive, arXiv:1704.07331 
Starobinsky-Like Inflation in Scenario (1) 
• Consider case of (relatively) large λ: 
• Potential 
• Where 
 
 
 
 
 
 
• Starobinsky-like for small Λ: main constraint ns 
• Consider case of (relatively) small λ: 
 
     where 
 
 
 
 
 
 
• Starobinsky-like for small Λ’: main constraint ns 
Starobinsky-Like Inflation in Scenario (1) 
• Multiple light singlet states: correction to Starobinsky 
potential: 
 
    where 
 
 
 
 
 
• Multi-field effects not a problem, steep valley: 
 
Starobinsky-Like Inflation in Scenario (2) 
  
 
 
 
 
 
• Constraints including numerical calculations of 
evolution of inflaton and other scalar fields 
Full Numerical Calculations 
JE, Garcia, Nagata, Nanopoulos & Olive, arXiv:1704.07331 
• Consider 2 options: 
• (A) Inflaton decouples from neutrinos 
– Inflaton decays to Higgs(inos): leptogenesis difficult 
• (B) Inflaton couples to neutrinos 
 
 
• Double seesaw mass matrix, 2 heavy states, couplings 
      where 
• Constraints from neutrino data, easier leptogenesis  
Neutrino Masses & Mixing 
• To avoid overproduction of dark matter via gravitinos 
if no later entropy 
 
• With entropy factor Δ, if inflaton couples to neutrinos: 
 
• Normal neutrino mass hierarchy preferred 
 
 
• Weak or strong reheating? Much much extra entropy? 
Neutrino Masses & Inflaton Coupling 
JE, Garcia, Nagata, Nanopoulos & Olive, arXiv:1704.07331 
• At the end of inflation, flipped SU(5)×U(1) unbroken 
• At lower scales, α5 increases, condensates form 
breaking SU(5): 
• Typical condensation scale: 
• Temperature-dependent  
 effective potential 
• Possibility of trapping at 
   origin, excessive entropy 
   release: avoid if  
The GUT Phase Transition 
JE, Garcia, Nagata, Nanopoulos & Olive, arXiv:1704.07331 
• Entropy release 
 
 
• Relaxes gravitino production constraint, little effect on 
number of inflationary e-folds: 
• Standard leptogenesis if inflaton couples to neutrinos: 
 
 
 
Entropy Release & Baryogenesis 
       
      
JE, Garcia, Nagata, Nanopoulos & Olive, arXiv:1704.07331 
No-Scale Framework for Particle 
Physics & Dark Matter 
• Incorporating LHC 
constraints, Higgs 
mass, flavour, 
supersymmetric dark 
matter, Starobinsky-
like inflation, 
leptogenesis, neutrino 
masses, …  
JE, Nanopoulos & Olive, arXiv:1310.4770 (~ gluino mass) 
 
 
 
• Starobinsky-like inflation can be embedded within 
flipped SU(5)×U(1) model 
• Inflaton coupling to neutrinos preferred for 
baryogenesis – implications for neutrino masses 
• Prefer strong reheating after inflation for same reason 
• Example how inflation can connect string theory (no-
scale supergravity, GUT derived from string) with 
particle physics accessible to experiment (neutrinos, 
dark matter, proton decay, LHC, …) 
 
A Model of Everything 
Flipped 
 
Almost 
 
Below the Planck Scale 
 
JE, Garcia, Nagata, Nanopoulos & Olive, arXiv:1704.07331 
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